An elevated level of serum cholesterol has been suggested to be the most important risk factor for ischemic cardiovascular disease (CVD) \[[@R1]--[@R7]\]. The Cholesterol Treatment Trialists' meta--analysis of statin clinical trials found that a 1 mmol/L reduction in LDL--C reduced major adverse CVD events by approximately 20% \[[@R8],[@R9]\]. Hence, prescription statin and LDL--C target goal achievement for patients with high-- and very high--risk CVD is considered as an important strategy in CVD prevention and the epidemiology of LDL--C target goal achievement has been widely investigated. In 2014, the Dyslipidemia International Study in China (DYSIS--China) revealed that, after almost 10 years of cholesterol education for the primary and secondary prevention of CVD, 45% of high--risk and 60% of very high--risk dyslipidemia patients in China had not attained their LDL--C target goals \[[@R10]\]. Although these data reflect some improvement compared to previous reports that 69% of high--risk and 78% of very high--risk patients in China failed to attain their LDL--C goal between 2004 and 2006 \[[@R11]\], large gaps still exist, when compared with developed countries, regarding LDL--C goal achievement \[[@R12]\]. High--quality care ultimately comes from high--quality health professionals \[[@R13]\]. Previous studies have found that physicians play an important role in lipid management \[[@R14]--[@R17]\]. While physicians' attitude and behavior may affect the efficiency of lipid management, inadequate knowledge of LDL--C targets by physicians is also an important factor in dyslipidemia patients' failure to attain their LDL--C goals \[[@R6],[@R18]\]. A previous study has reported that physicians' knowledge of lipid management was related to their professional status \[[@R19]\]. In China, the main characteristics of physicians include their professional status, as well as their specialty, and the quality and region of the hospital where they work. However, it is unclear how Chinese physicians' knowledge of guideline--recommended LDL--C targets and other characteristics affect their patients' LDL--C goal achievement. Therefore, we performed a subgroup analysis of DYSIS--China patients to evaluate the association between Chinese physicians' fundamental knowledge of lipid management and their patients' LDL--C goal achievement rate, and how it relates to the physicians' specialty and professional status, as well as their hospital's quality and location.

METHODS
=======

Patients and study design
-------------------------

The DYSIS--China trial was an observational, cross--sectional, multicenter international study. Participants were recruited at 122 hospitals, including 58 tier 3 (teaching hospital), 31 tier 2 (territory hospital), and 33 tier 1 (community hospital) institutions in 6 representative regions of China between April 2012 and October 2012 (Table S1 in **Online Supplementary Document[(Online Supplementary Document)](#S1){ref-type="supplementary-material"}**). Patients who were 45 years of age or older and had been treated with a lipid--lowering drug for at least 3 months were included in our study. Data for each patient were collected from the baseline clinical examination, medical records, and a single outpatient follow--up visit. Lipid--lowering medications included statins, cholesterol absorption inhibitors, fibrates, nicotinic acid, and Xuezhikang. The 10--year risk of CVD (10YRCVD) for each patient was classified as follows, based on the 2007 Chinese Guidelines on Prevention and Treatment of Dyslipidemia in Adults: (a) very high--risk (CVD with diabetes or acute coronary syndrome); (b) high--risk (coronary heart disease with a 10YRCVD of 10% to 15%; (c) moderate risk (10YRCVD of 5% to 10%); and (d) low--risk (10YRCVD of \<5%).

All of the participating physicians were asked to complete a questionnaire that asked whether they regarded guideline recommendations for LDL--C as an important clinical reference for lipid management. If the physician answered yes, he/she was asked to select an LDL--C target goal based on the patient's relevant risk category, which was defined in the 2007 Chinese lipid management guidelines as follows: (a) \<4.14 mmol/L (\<160 mg/dL) for low--risk patients; (b) \<3.37 mmol/L (\<130mg/dL) for moderate--risk patients; (c) \<2.59 mmol/L (\<100 mg/dL) for high--risk patients; (d) \<2.07 mmol/L (\<80 mg/dL) for very high--risk patients; (e) other; and (f) not sure. Consistency between each physician--suggested LDL--C target goal and the LDL level recommended by the 2007 guidelines was defined as follows: (a) Yes (consistent), if the physician--suggested LDL--C target goal was lower than or equal to the LDL--C level recommended by the guidelines. (b) No (not consistent), if the physician's suggested LDL--C target goal was higher than that recommended by the guidelines. Data for each physician category including professional status (professor, associate professor, attending physician, or resident physician), specialty (including internal medicine, general medicine, cardiology, neurology, endocrinology, and geriatrics), as well as the level of their hospital (tier 1, tier 2, or tier 3), were collected. Each patient provided written informed consent before participation, and our study protocol was approved by the ethics committee of each participating hospital. All of the hospitals and physicians consented to the publication of information related to hospital status and the treating physicians' specialties and professional titles.

Statistical analysis
--------------------

All of the statistical analyses were performed using the SAS, version 9.1, software (SAS Institute, Cary, NC, USA). A hypothesis test could not be used for the principal analysis, due to the primarily descriptive nature of our study design. Categorical variables are presented as absolute numbers and percentages. Continuous variables are reported as the mean ± standard deviation (SD). Intergroup differences in categorical variables were evaluated using chi--square analysis or Fisher exact test, depending on the number of patients in each group. Intergroup differences in continuous variables were evaluated using an analysis of variance. Logistic regression models were used to calculate the odds ratio and 95% confidence interval for the probability of consistency between the physician--suggested and guideline--recommended LDL--C target levels based on hospital status, type of physician or department, and adjusting for the 10YRCVD category, comorbidities, or other risk factors, including hypertension, body mass index (BMI) ≥28 kg/m^2^, male \>45 years or female \>55 years, smoking status, family history of premature CVD, and hospital level, as well as the physician's specialty and professional title. All of the evaluations were 2--tailed, and results with *P* \< 0.05 were considered to be statistically significant.

RESULTS
=======

Baseline patient characteristics
--------------------------------

A total of 25 317 dyslipidemia patients (51.3% male) with a mean age of 65.4 years were included in our study. Most of the patients (97.5%) were Han Chinese. The most prevalent comorbidities were hypertension (65.8%), diabetes mellitus (34.8%), and coronary heart disease (37.2%). Behavioral risk factors included sedentary lifestyle (19.7%) and smoking (12.4%). The distribution of patients based on 10YRCVD was 12.2% for the very high--risk, 58.9% for high--risk, 11.0% for moderate--risk, and 17.9% for the low--risk groups. The normal dosage of statin is equivalent to simvastatin 20--40 mg/d (71%) ([**Table 1**](#T1){ref-type="table"}).The LDL--C goal achievement rates for each category are listed in [**Table 1**](#T1){ref-type="table"}.

###### 

Patients' basic characteristics and LDL--C goal achievement rate

                                                                     Number (%) N = 25 317   LDL--C goal achievement n (%)
  ------------------------------------------------------------------ ----------------------- -------------------------------
  **Age category:**                                                                          
     ≥65 years                                                       13 100 (51.7%)          7803 (59.6%)
  **Gender:**                                                                                
  Male                                                               12 975 (51.3%)          8431 (65.0%)
  Female                                                             12 342 (48.7%)          7140 (57.9%)
  **Coronary heart disease**                                         9420 (37.2%)            5247 (55.7%)
  **Cerebrovascular disease**                                        4281 (16.9%)            2304 (53.8%)
  **Peripheral arterial disease**                                    263 (1.0%)              153 (58.2%)
  **Chronic kidney disease**                                         1846 (7.3%)             1095 (59.3%)
  **Diabetes mellitus**                                              8798 (34.8%)            3978 (45.3%)
  **Hypertension**                                                   16 650 (65.8%)          10075 (60.5%)
  **Other cardiovascular risk factors:**                                                     
  Smoking:                                                                                   
     Current                                                         3143 (12.4%)            1902 (60.5%)
     Quit                                                            4445 (17.6%)            2881 (64.8%)
     Never                                                           17 729 (70.0%)          10788 (60.9%)
  HDL--C \<1.04mmol/L                                                6682 (26.4%)            4468 (68.9%)
  Family history of CHD                                              2294 (9.1%)             1381 (60.2%)
  BMI \>28kg/m^2^                                                    3457 (13.7%)            1947 (56.3%)
  Family history of early onset of ischemic cardiovascular disease   2294 (9.1%)             1381 (60.2%)
  Sedentary lifestyle                                                4997 (19.7%)            2962 (59.3%)
  **10YRCVD category:**                                                                      
  Very high                                                          3092 (12.2%)            1226 (40.0%)
  High                                                               14 916 (58.9%)          8174 (54.8%)
  Moderate                                                           2782 (11.0%)            2041 (73.4%)
  Low                                                                4527 (17.9%)            4130 (91.2%)
  **Statin dosage potency:**\*                                                               
  Potency 1                                                          299 (1.2%)              192/299 (64.2%)
  Potency 2                                                          2605 (10.3%)            1512/2605 (58.0%)
  Potency 3                                                          9958 (39.3%)            6014/9958 (60.4%)
  Potency 4                                                          7179 (28.4%)            4547/7179 (63.3%)
  Potency 5                                                          1725 (2.9%)             1083/1725 (62.8%)
  Potency 6                                                          96                      57/96 (59.4%)

HDL--C -- high density lipoprotein cholesterol, CHD -- chronic disease, 10YRCVD -- 10--y risk of cardiovascular disease

\*Statin dosage level: Potency1 is equivalent to simvastatin 5 mg/d; Potency 2 is equivalent to simvastatin 10 mg/d; Potency 3 is equivalent to simvastatin 20 mg/ day; Potency 4 is equivalent to simvastatin 40 mg/d; Potency is equivalent to simvastatin 80 mg/d; Potency 6 is equivalent to Atorvastatin 80 mg/d.

Physician characteristics
-------------------------

A total of 926 physicians participated in our study, 168 (18.1%) of whom were from tier 1 hospitals, 199 (21.5%) from tier 2 hospitals, and 559 (60.4%) from tier 3 hospitals. The physicians' specialties were as follows: 228 (24.6%) cardiology, 156 (16.3%) neurology, 185 (19.3%) endocrinology, 113 (12.2%) geriatrics, 210 (22.7%) internal medicine, and 34 (3.7%) general medicine. At tier 1 hospitals, all of the physicians were from the internal medicine department, 73.8% of whom were attending physicians and residents. Most physicians at tier 2 hospitals were associate professors or attending physicians from the cardiology or internal medicine departments, followed by the endocrinology, neurology, and geriatric departments. In tier 3 hospitals, more physicians were professors in all departments, compared with tier 2 and tier 1 hospitals (24.7% vs 11.1% *P* \< 0.0001 and 24.7 vs 6.5% *P* \< 0.0001, respectively). Also the distribution of physicians' status differed between some hospital departments particularly within the Tier 2 and tier 3 groups ([**Table 2**](#T2){ref-type="table"}).

###### 

Characteristics of physicians based on hospital status and specialty

  -- -- ------------------------------
        **Number of physicians (%)**
  -- -- ------------------------------

  Hospital status                 Cardiology     Neurology      Endocrinology   Geriatrics     Internal Medicine   General Medicine   Total\*
  ----------------- ------------- -------------- -------------- --------------- -------------- ------------------- ------------------ ----------------
  **Tier 1**        Professor                                                   0              10 (7.5%)           1 (2.9%)           11 (6.5%)^a^
                    Assoc.Prof.                                                 0              26 (19.4%)          7 (20.6%)          33 (19.6%)^a^
                    Attending                                                   0              50 (37.3%)          17 (50.0%)         67 (39.9%)^a^
                    Resident                                                    0              48 (35.8%)          9 (26.5%)          57 (33.9%)^a^
                    Total                                                       0              134 (100.0%)        34 (100.0%)        168 (100.0%)
  **Tier 2**        Professor     7 (9.3%)       4 (36.4%)      4 (11.4%)       0              7 (9.2%)                               22 (11.1%)^a^
                    Assoc.Prof.   19 (25.3%)     3 (27.3%)      11 (31.4%)      2 (100.0%)     22 (28.9%)                             57 (28.6%)^b^
                    Attending     30 (40.0%)     1 (9.1%)       10 (28.6%)      0              30 (39.5%)                             71 (35.7%)^a^
                    Resident      19 (25.3%)     3 (27.3%)      10 (28.6%)      0              17 (22.4%)                             49 (24.6%)^b^
                    Total         75 (100.0%)    11 (100.0%)    35 (100.0%)     2 (100.0%)     76 (100.0%)                            199 (100.0%)
  **Tier 3**        Professor     41 (26.8%)     34 (23.4%)     28 (18.7%)      35 (31.5%)                                            138 (24.7%)^b^
                    Assoc.Prof.   47 (30.7%)     47 (32.4%)     42 (28.0%)      24 (21.6%)                                            160 (28.6%)^b^
                    Attending     46 (30.1%)     45 (31.0%)     50 (33.3%)      41 (36.9%)                                            182 (32.6%)^a^
                    Resident      19 (12.4%)     19 (13.1%)     30 (20.0%)      11 (9.9%)                                             79 (14.1%)^c^
                    Total         153 (100.0%)   145 (100.0%)   150 (100.0%)    111 (100.0%)                                          559 (100.0%)
  **Total**         Professor     48 (21.1%)     38 (24.4%)     32 (17.3%)      35 (31.0%)     17 (8.1%)           1 (2.9%)           171 (18.5%)
                    Assoc.Prof.   66 (28.9%)     50 (32.1%)     53 (28.6%)      26 (23.0%)     48 (22.9%)          7 (20.6%)          250 (27.0%)
                    Attending     76 (33.3%)     46 (29.5%)     60 (32.4%)      41 (36.3%)     80 (38.1%)          17 (50.0%)         320 (34.6%)
                    Resident      38 (16.7%)     22 (14.1%)     40 (21.6%)      11 (9.7%)      65 (31.0%)          9 (26.5%)          185 (20.0%)
                    Total         228 (100.0%)   156 (100.0%)   185 (100.0%)    113 (100.0%)   210 (100.0%)        34 (100.0%)        926 (100.0%)

Assoc.Prof -- Associate Professor

\*Indicates containing sub--groups which are marked with a, b and c. Different letter marks indicate significant differences of the indicated professional title group within departments of the hospitals, same letters indicate no significant differences (*P* \> 0.05).

Physician characteristics and knowledge of LDL--C targets as a clinical reference for LDL--C goal achievement
-------------------------------------------------------------------------------------------------------------

The proportion of physicians who considered the guideline--recommended LDL--C goal as an important clinical reference was different depending on physician characteristics, and was higher at tier 2 and tier 3 hospitals. It was also somewhat higher among physicians who specialized in cardiology, neurology, and geriatrics. Physicians' low knowledge of LDL--C goal as a clinical reference predicted lower LDL--C goal achievement. At tier1, tier 2 and tier 3 hospitals, 65.4%, 81.8% and 75.2% of the physicians recognized that LDL--C goal is important in clinical practice, the overall goal achievement rates were only 47.7%, 58.0% and 57.6%, respectively ([**Figure 1A**](#F1){ref-type="fig"}, Table S2 in **Online Supplementary Document[(Online Supplementary Document)](#S1){ref-type="supplementary-material"}**), and the lowest rate of LDL target goal attainment was in tier 1 hospitals. Regarding different specialties, 73.5% to 78.4% of the physicians recognized that LDL--C goal achievement is important in clinical practice, and the goal achievement rate ranged from 41.5% to 66.0% across the various specialties. The greatest difference between patients' goal attainment and physician perception was found to be among endocrinologists ([**Figure 1B**](#F1){ref-type="fig"}, Table S2 in **Online Supplementary Document[(Online Supplementary Document)](#S1){ref-type="supplementary-material"}**). The lowest LDL--C goal achievement rate and the least knowledge by physicians regarding LDL--C as an important clinical reference existed in the Northeast ([**Figure 1C**](#F1){ref-type="fig"}, Table S2 in **Online Supplementary Document[(Online Supplementary Document)](#S1){ref-type="supplementary-material"}**), and among resident physicians ([**Figure 1D**](#F1){ref-type="fig"}, Table S2 in **Online Supplementary Document[(Online Supplementary Document)](#S1){ref-type="supplementary-material"}**).

![Comparison of questionnaire results regarding whether physicians recognized that the guideline--recommended low--density lipoprotein cholesterol (LDL--C) goal is an important clinical reference for dyslipidemia management and the LDL--C goal achievement rates based on (**A**) hospital level, (**B**) physician specialty, (**C**) professional status, and (**D**) physician perception. \**P* \< 0.05, compared to Tier1, \#*P* \< 0.05, compared to Cardiology department, ▲*P* \< 0.05, compared to Northeast, ●*P* \< 0.05, compared to Professor title.](jogh-07-020702-F1){#F1}

Effects of physician characteristics and knowledge of guideline--recommended LDL--C targets on LDL--C goal achievement
----------------------------------------------------------------------------------------------------------------------

Our study showed that less than 75% of physicians in China are familiar with guideline--recommended LDL--C targets, regardless of physician characteristics. There was an association between the rate of LDL--C goal achievement by patients and their physicians' knowledge of LDL--C targets. The concordance between physicians' knowledge of LDL--C targets and guideline recommendations was the lowest in tier 1 hospitals ([**Figure 2A**](#F2){ref-type="fig"}, Table S3 in **Online Supplementary Document[(Online Supplementary Document)](#S1){ref-type="supplementary-material"}**), endocrinology departments. ([**Figure 2B**](#F2){ref-type="fig"}, Table S3 in **Online Supplementary Document[(Online Supplementary Document)](#S1){ref-type="supplementary-material"}**), Northeast China ([**Figure 2C**](#F2){ref-type="fig"}, Table S3in **Online Supplementary Document[(Online Supplementary Document)](#S1){ref-type="supplementary-material"}**) and among resident physicians ([**Figure 2D**](#F2){ref-type="fig"}, Table S3 in **Online Supplementary Document[(Online Supplementary Document)](#S1){ref-type="supplementary-material"}**).

![LDL--C goal achievement rate and consistency between physicians' knowledge of LDL--C target goal and guideline recommendations based on (**A**) hospital level, (**B**) physician specialty, (**C**) China's geographic regions, and (**D**) professional status. \**P* \< 0.05, compared to Tier 1, \#*P* \< 0.05, compared to Cardiology department, ▲*P* \< 0.05, compared to Northeast, ●*P* \< 0.05, compared to Professor title.](jogh-07-020702-F2){#F2}

Effects of physicians' knowledge of LDL--C as a clinical reference and guideline--recommended LDL--C targets on the rate of LDL--C goal achievement
---------------------------------------------------------------------------------------------------------------------------------------------------

In total, 74.5% of physicians recognized that LDL--C is an important clinical reference. The LDL--C goal achievement rate was significantly higher among those patients whose physicians' perceptions of the LDL--C target goal were consistent with guideline recommendations (60.4% vs 31.1%, *P* \< 0.0001, [**Table 3**](#T3){ref-type="table"}). The LDL--C goal achievement rates in patients with very high, high, and moderate risk whose physicians' knowledge of the LDL--C target goal was consistent with guideline recommendations were 39.9%, 51.5%, and 70%, respectively. The corresponding rates among patients whose physicians' knowledge of the LDL--C target goal was inconsistent with guideline recommendations were 29.7%, 32.1%, and 30.1%, respectively (*P* \< 0.0001 for all). These results suggest that the LDL--C goal achievement rate significantly correlated with physicians' knowledge of the guideline--recommended LDL--C target goal.

###### 

LDL--C goal achievement rates according to physicians' knowledge of LDL--C as a clinical reference and consistency between physicians' acceptance of LDL--C target goal and guideline recommendations based on 10YRCVD\*

                                                                                LDL--C goal achievement (yes/total) for 10YRCVD categories                                                                 
  --------------------------------------------------------------- ------------- ------------------------------------------------------------ --------------------- ------------------- ------------------- -----------------------
                                                                                **Very high**                                                **High**              **Moderate**        **Low**             **Total**
  Total                                                                         1226/3092 (39.7%)                                            8174/14 916 (54.8%)   2041/2782 (73.4%)   4130/4527 (91.2%)   15 571/25 317 (61.5%)
  **LDL-C as a clinical reference**                               Yes (74.5%)   836/2363 (35.4%)                                             5411/11 222 (48.2%)   1393/2054 (67.8%)   2852/3231 (88.3%)   10 492/18 870 (55.6%)
                                                                  No            164 (29.8%)                                                  780 (27.4%)           138 (27.3%)         305 (34.0%)         1387 (28.9%)
                                                                  *P*--value    NA                                                           NA                    NA                  NA                  0.0014
  **Consistency with guideline-recommended LDL-C target goal**‡   Yes (83.4%)   515/1290 (39.9%)                                             4777/9270 (51.5%)     1358/1940 (70%)     2852/3231 (100%)    9502/15 731 (60.4%)
                                                                  No†           318/1069 (29.7%)                                             624/1941 (32.1%)      34/113 (30.1%)      NA                  976/3123 (31.3%)
                                                                  *P*--value    *P* \< 0.0001                                                *P* \< 0.0001         *P* \< 0.0001       NA                  *P* \< 0.0001

HDL--C -- high density lipoprotein cholesterol, CHD -- chronic disease, 10YRCVD -- 10--year risk of cardiovascular disease

\*10YRCVD categories were based on serum LDL--C levels of \<2.07 mmol/L (\<80 mg/dL) for very high risk, \<2.59 mmol/L (\<100 mg/dL) for high risk, \<3.37 mmol/L (\<130 mg/dl) for moderate risk, and \<4.14 mmol/L (\<160 mg/dL) for low risk.

†Included patients in whom the risk classification was lower than guideline recommendations.

‡2007 Chinese lipid management guidelines as the reference.

Predictors of inconsistent physicians' knowledge with guideline--recommended LDL--C target goals using multivariate logistic regression analysis
------------------------------------------------------------------------------------------------------------------------------------------------

Multivariate logistic regression analysis revealed that predictors of inconsistency between physicians' perceptions of the LDL--C target goal and 2007 Chinese guideline recommendations included patients diagnosed with diabetes, coronary artery disease, cerebrovascular disease, and peripheral arterial disease. Other predictors of inconsistency between physicians' perceptions of the LDL--C target goal and 2007 Chinese guideline recommendations included the following physician characteristics: working in a tier 1 or tier 2 hospital, specializing in neurology, endocrinology, geriatrics, or general medicine, and being a resident physician. In addition, there were differences regarding the regions ([**Table 4**](#T4){ref-type="table"}).

###### 

Multivariate logistic regression analysis of consistence between physician suggested--LDL--C target goal and recommendations of 2007 Chinese guidelines

                                                                                 Parameter estimation value   OR     95% CI       *P*--value
  ------------------------------------------------------------------------------ ---------------------------- ------ ------------ ------------
  **Comorbidity** (yes vs no):                                                                                                    
  Diabetes mellitus                                                              1.24                         3.47   3.15--3.83   \<0.0001
  Coronary heart disease                                                         1.33                         3.78   3.42--4.18   \<0.0001
  Cerebrovascular disease                                                        0.41                         1.51   1.33--1.70   \<0.0001
  Peripheral arterial disease                                                    1.08                         2.94   2.13--4.06   \<0.0001
  Chronic kidney disease                                                         --0.07                       0.93   0.80--1.09   0.3755
  **Risk factors:**                                                                                                               
  Hypertension (yes vs no)                                                       0.04                         1.05   0.94--1.16   0.4118
  BMI \>28kg/m^2^                                                                --0.01                       0.99   0.87--1.13   0.9256
  Male ≥45 years or Female ≥55 years (yes vs no)                                 0.22                         1.24   1.03--1.50   0.0227
  Smoking (yes vs no)                                                            --0.11                       0.89   0.77--1.03   0.1196
  Family history of early onset of ischemic cardiovascular disease (yes vs no)   --0.13                       0.88   0.75--1.03   0.1198
  **Hospital level:**                                                                                                             
  Tier 1 vs Tier 3                                                               1.08                         2.95   2.37--3.67   \<0.0001
  Tier 2 vs Tier 3                                                               0.93                         2.53   2.22--2.88   \<0.0001
  **Specialty:**                                                                                                                  
  Neurology vs Cardiology                                                        0.12                         1.13   0.93--1.36   0.2180
  Endocrinology vs Cardiology                                                    0.02                         1.02   0.87--1.21   0.7733
  Geriatrics vs Cardiology                                                       0.24                         1.27   1.06--1.53   0.0112
  Internal medicine vs Cardiology                                                0.06                         1.07   0.90--1.27   0.4649
  General medicine vs Cardiology                                                 --0.03                       0.97   0.73--1.30   0.8352
  **Professional title:**                                                                                                         
  Professor vs attending physician                                               --0.06                       0.95   0.83--1.08   0.4092
  Associate professor vs attending physician                                     --0.11                       0.90   0.80--1.01   0.0755
  Resident vs attending physician                                                --005                        1.05   0.92--1.20   0.4454
  **Region:**                                                                                                                     
  North vs Northeast                                                             --1.14                       0.32   0.27--0.38   \<0.0001
  East vs Northeast                                                              --0.71                       0.49   0.42--0.58   \<0.0001
  Central vs Northeast                                                           --0.16                       0.85   0.73--0.99   0.0346
  Southwest vs Northeast                                                         --1.01                       0.37   0.31--0.43   \<0.0001
  Northwest vs Northeast                                                         --0.60                       0.55   0.46--0.65   \<0.0001

LDL--C -- low density lipoprotein cholesterol, OR -- odds ratio; CI -- confidence interval, BMI -- body mass index

Predictors of failure for not achieving guideline--recommended LDL--C target goals using multivariate logistic regression analysis
----------------------------------------------------------------------------------------------------------------------------------

The result showed that predictors of failure to achieve the LDL--C goal included patients with diabetes, coronary artery disease, cerebrovascular disease, BMI\>28 kg/m^2^ and male ≥45 years or female ≥55 years, physician working in a tier 1 or tier 2 hospital, specializing in neurology, endocrinology or general medicine, and being a resident physician ([**Table 5**](#T5){ref-type="table"}).

###### 

Multivariate logistic regression analysis of LDL--C goal achievement rates

                                                                                 Parameter estimation value   OR     95% CI        *P*--value
  ------------------------------------------------------------------------------ ---------------------------- ------ ------------- ------------
  **Comorbidity (yes vs no):**                                                                                                     
  Diabetes                                                                       1.08                         2.94   2.75--3.14    1.0783
  Coronary artery disease                                                        0.61                         1.84   1.72--1.97    0.6109
  Cerebrovascular disease                                                        0.29                         1.33   1.22--1.44    0.2850
  Peripheral arterial disease                                                    --0.09                       0.92   0.70--1.21    --0.0857
  **Risk factors:**                                                                                                                
  Hypertension (yes vs no)                                                       0.01                         1.01   0.95--1.08    0.7462
  BMI \>28kg/m^2^                                                                0.19                         1.21   1.11--1.31    \<0.0001
  Male ≥45 years or Female ≥55 years (yes vs no)                                 0.14                         1.15   1.03--1.29    0.0104
  Smoking (yes vs no)                                                            0.01                         1.01   0.93--1.11    0.8020
  Family history of early onset of ischemic cardiovascular disease (yes vs no)   0.04                         1.04   0.94--1.15    0.4729
  **Hospital level:**                                                                                                              
  Tier 1 vs Tier3                                                                0.44                         1.56   1.34--1.81    0.4427
  Tier 2 vs Tier3                                                                0.15                         1.16   1.06--1.27    0.1500
  **Specialty:**                                                                                                                   
  Neurology vs Cardiology                                                        0.45                         1.57   1.40-- 1.77   \<0.0001
  Endocrinology vs Cardiology                                                    0.49                         1.63   1.47-- 1.82   \<0.0001
  Geriatrics vs Cardiology                                                       0.30                         1.35   1.20-- 1.51   \<0.0001
  Internal Medicine vs Cardiology                                                0.46                         1.58   1.39-- 1.80   \<0.0001
  General Medicine vs Cardiology                                                 --0.09                       0.91   0.75-- 1.11   0.3513
  **Professional title:**                                                                                                          
  Professor vs attending physician                                               --0.09                       0.92   0.84--1.00    0.0420
  Associate professor vs attending physician                                     --0.01                       0.92   0.92--1.08    0.9055
  Resident vs attending physician                                                0.09                         1.00   1.00--1.19    0.0329
  **Region:**                                                                                                                      
  North vs Northeast                                                             --0.86                       1.10   0.38-- 0.47   \<0.0001
  East vs Northeast                                                              --0.85                       0.42   0.39 --0.48   \<0.0001
  Central vs Northeast                                                           --0.69                       0.43   0.45--0.56    \<0.0001
  Southwest vs Northeast                                                         --0.89                       0.50   0.37--0.46    \<0.0001
  Northwest vs Northeast                                                         --0.87                       0.41   0.38--0.47    \<0.0001

LDL--C -- low density lipoprotein cholesterol, , OR -- odds ratio; CI -- confidence interval, BMI -- body mass index

DISCUSSION
==========

The results of our study are consistent with previously published reports, which found that more than 60% of very high--risk patients and over 45% of high--risk patients did not attain their LDL--C goals, according to the 2007 Chinese lipid management guidelines, after at least 3 months of lipid--lowering treatment \[[@R10]\]. We found that physicians' knowledge of guideline--recommended LDL--C target goals significantly correlated with patients' LDL--C target goal achievement in China. Physician's knowledge varied depending on the hospital level, medical specialty, professional status, and geographic region. Working in a tier 1 or tier 2 hospital, being a resident physician, and specializing in neurology, endocrinology, or internal medicine were independent risk factors for lower LDL--C target goal achievement. Our results indicate that physician knowledge and characteristics affect the quality of lipid management in China, and more attention should be paid to this fact.

Previous studies have suggested that both patient-- and physician--dependent factors contributed to LDL--C goal achievement failure \[[@R20]--[@R22]\]. Since the start of physician--initiated LDL--C treatment, more attention has been paid to studying the role of physicians in LDL--C goal achievement. Behavior change theory \[[@R23]\] suggests that knowledge should be the most important factor for behavior change. According to a global survey of physicians' perceptions of serum cholesterol management in 10 countries, 80.0% of physicians were concordant with dyslipidemia--management guidelines with regard to setting LDL--C goals for their patients, and 61.0% of them believed that a sufficient number of their patients attained their serum cholesterol goals. However, only 47.0% of their patients reached and maintained their serum cholesterol goals, and physicians expressed their frustration regarding their inability to effectively treat some CVD patients \[[@R24]\]. Another recent study in Croatia reported that 80.6% of physicians believed that they provided effective treatment to their dyslipidemia patients, but only 53.3% could accurately state the target LDL--cholesterol values for high--risk patients without consulting the most recent guidelines \[[@R25]\]. These reports suggest that physicians' knowledge of LDL--C target goals is an important factor for patients' LDL--C goal achievement.

In the current study, by evaluating correlations between physicians' knowledge of guideline--recommended LDL--C levels and LDL--C goal achievement, we aimed to investigate the physician's role in failing to attain recommended LDL--C goals in Chinese patients who were treated with lipid--lowering medications. We found that 74.5% of Chinese physicians recognized the importance of considering LDL--C serum concentration for treating dyslipidemia, and set target LDL--C goals that were concordant with the 2007 Chinese guidelines for 83.4% of their patients. Further analysis showed that 55.6% of these patients attained their serum LDL--C goal, indicating a success rate of 66.7%. We also found that the LDL--C goal achievement rate was significantly higher for patients whose physicians' knowledge of the LDL--C target goals was consistent with guideline recommendations, compared with those whose physicians' knowledge was inconsistent with the guidelines (60.4% vs 31.1%, *P* \< 0.0001). This finding supports the idea that enhancing Chinese physicians' awareness of LDL--C target goals may improve the quality of lipid control in China. We also found that hospital level, as well as medical specialty and professional status were significantly related to physicians' knowledge and their patients' LDL--C goal achievement. Physicians from tier 1 and tier 2 hospitals, who were specializing in endocrinology, internal medicine, or general medicine, and resident physicians demonstrated lower awareness of guideline--recommended LDL--C target goals than their colleagues. Multivariate logistic regression analysis revealed a relatively strong correlation between physician characteristics and physician--suggested LDL--C target goals and guideline--recommended LDL--C goals. These findings suggest that certain physician characteristics and inadequate knowledge of guideline--recommended LDL--C goals may be important reasons for patients' failure to attain their LDL--C target goals in China. Guideline--recommended LDL--C goals should be considered among the most important pieces of information delivered to physicians. These results also suggest that continuing medical education strategy in China should be based on physician characteristic.

This is the first study to investigate factors underlying suboptimal LDL--C goal achievement rates in China from the physicians' perspective in an innovative attempt to improve the quality of cardiovascular disease prevention in China. There are, however, certain limitations to our study. Our results point to inadequate awareness among Chinese physicians regarding lipid control. However, the questionnaire completed by physicians addressed their knowledge of LDL--C only. Thus, our results do not provide a comprehensive view of all aspects of the physicians' skills regarding lipid management. Furthermore, due to our focus on physicians' characteristics and lipid knowledge in our study, we did not collect data on all potential confounding factors, such as the physician' age, gender, and behavior regarding lipid management, as well as patients' lifestyle habits that might have influenced LDL--C goal achievement. However, there are some advantages to our study. First, this is a large--scale cohort study, which included patients' and physicians' medical information together, related to lipid medication; therefore, we can directly analyze the relationship between physicians' knowledge and patients' LDL--C goal achievement. Second, the physicians' information in our cohort was collected with the randomized cohort stratified sample method, so it is representative of physician characteristics throughout China. Physician characteristics included their hospital level, specialty, professional status, and service regions, so we can clearly tell the effect of physician characteristics on knowledge of guideline--recommended LDL--C target goals and on LDL--C goal achievement. Thus, we were able to uncover shortcomings in China regarding physician characteristics and knowledge. Although we chose only 2 questions, which focused on LDL--C, those 2 questions are fundamental to lipid control relating to physician behavior. In this study, we used 2007 Chinese guideline--recommended LDL--C target goals and did not use the updated 2013 ESC guidelines. The reason for this was that LDL--C target goals in the Chinese guidelines were the most widely disseminated in China. This way we could tell whether or not the effect of knowledge of LDL--C target goals on LDL--C target achievement related to physician characteristics.

Our study has identified some shortcomings in health services in Chinese community medical centers (tier 1 hospitals) regarding physician characteristics and inadequate knowledge. The lower percentage of specialists and professors in community medical centers result in less knowledge and lower LDL--C target achievement. This may be just the tip of the iceberg for medical service shortcomings in China. Since community hospitals have been considered as the first bastion of chronic disease prevention in China, efficient work by community physicians is of great importance for the health of the population \[[@R19]\]. It is imperative to improve the level of health services in community medical centers. Arduous educational efforts must be ongoing in Chinese community medical centers, and more attention should be paid to physicians' knowledge of LDL--C target goals.

CONCLUSIONS
===========

The results of our study suggest that LDL--C goal achievement in dyslipidemia patients in China is associated with physicians' characteristics and their knowledge of LDL--C guidelines. Deficiencies in physicians' knowledge of LDL--C targets reveal serious shortcomings in health services in China. Strategies aimed at enhancing familiarity with and acceptance of LDL--C guidelines by Chinese physicians based on the region, professional status, medical specialty, and hospital level may be an efficient way to improve both guideline adherence and LDL--C goal achievement.
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